WORLD INTELLECTUAL PROPER-Hf' 0RGANI2 
Internaiional Bureau 



5N 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Qassification 5 : 




(11) International Publication Number: 


WO 91/04451 


F28D 9/00 


Al 


(43) IntemationaJ Publication Date: 


4 April 1991 (04.04.91) 



(21) International Application Number: PCT/SE90/00584 

(22) International Filing Date : 14 September 1 990 ( 1 4.09.90) 



(30) Priority data: 
8903046-4 



15 September 1989 (15.09.89) SE 



(71X72) Applicant and Inventor: ZEILON, Sten [SE/SE]; Heim- 
dalsg. 21, S-261 62 Glumslov (SE). 

(81) Designated States: AT (European patent), BE (European 
patent), CH (European patent), DE (European patent)*, 
DK (European patent), ES (European patent), FR (Euro- 
pean patent), GB (European patent), IT (European pa- 
tent), LU (European patent), NL (European patent), SE 
(European patent), US. 



Published 

WUh international search report. 
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(57) Abstract 



A heat exchanger for essentially counternow heat exchange between two air Hows comprises inside a housing (9) essential- 
ly parallel partitions (3) of in the air now direction extended and stretched each with a substantial tension force (P) membranes 
(3' 3") of high tensile strength, that pairwise (3', 3") essentially gas tight enclose first channels (4) for a warmed, first air now ( 1 ). 
In alternating second channels (5), surrounding said first channels (4), is propelled a second, cooled air now (2). The membranes 
(3', 3") are formed into deOated segments (31) by supporting strips (8) inside said first channels (4), by local static pressure ditter- 
ences (Ap) between said air flows (1, 2) and by said tension force (P). 
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THIN FILM GAS HEAT EXCHANGER 

Tne present invention refers to a neat excri anger for 
essentially counterflou neat exchange oetueen tuo air flo'wS 
comprising insiae a iiousing a numocr of essentially oaralle 
partitions of flexible membranes farming first cnannels 
for a first, uarmea air flou anrj alt fj mating second cn annel 
for a second, cooled air flou, furtrier a first inlet and 
first outlet in said housing for said first air flou and a 
secofiM inlet anrl outl*^^ for said second air flou, 

A prime use for the invention is neat recovery in 
domestic and inoustrial buildigs ventilation system and 
specifically for .heat rcicovery from very polluted and 
corrosive exhaust air. 

A first purpose uith the invention, using thin 
plastic memoranes as heat exchanger surface, is 1.0 acnieve 
uith simple means full control over flr.u cnannel geometry, 
simplified joining of the separate channel systems to inlets 
and outlets for the separate air flows and simplified 
sealing along the rim of the apparatus between the separate 
air flows . 

A second purpose is to orovide flow cnannels for 
a polluted, moisc anc corrosive exltyusl qj-x flou, , c::oiec 
in the apparatus, that are smooth, unobstructed by spacing 
elements, that nave a high corrosive resistance ann tnat are 
exceotionally easy to clean. 

A tiiird purpose, is to combine reasonable small flou 
resistance for tne air witfi a well extended cnannel length 
needed for high neat exchang--: efficiency. 

A forth purpose is a heat excnanger, that acts as 
an exceptiooally gooa absorber of fan noise. 

Said purposes are met witri a neat exchanger 
further characterized in that it comprises said membranes 
made of a high tensile plastic film such as polyester 
film, extended and stretched in the main air flou direction 
with a substansial tension force, further comprin^^-^ 
pairs of said memoranes enclosing essentially gas tight 
said first channels, further comorises the enos o" said 
membranes enclosing and laminated zo air penetrable tension 
plates, preferably of corrugated cardooard, furtner com- 
prises a strapoing oevice for strapoing said tension oiates 
to said housing 9srf^ with double said tension force, 
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furttier comprises said tension plates connected to said 
first inlet amj first outlet and further comprises within 
said first channels as spacing elements strips of corru- 
gated material, preferably corrugated cardboard, that are 
positioned essentially at right angle to air flou, are 
laminated to one of said pair of membranes and that alternate 
uiith deflated segments of said membranes, formed by local, 
positive static pressure differances betueen said second 
and first air flou» 

Elastic sheets as partitions in a gas heat exchan- 
ger are knoun from SU,A, 1200114, This document shous 
elastic sheets separated from each other by thin wire spacers 
thus forming separate cliannel systems. This solution is not 
fitted to a. corrosive and dusty exhaust air, since the uire 
uouid quickly dug uith dust and corrodeo Further no pro- 
visions- are shoun to cope with the local, differing pressure 
gradients on the sheets, due to flou resistance in the 
channels, or the rim problems of the apparatus concerning 
uell separated inlets and outlets of the separate gas flous. 
and their connections to the channel systemsc 

Other documents on thin film heat exchangers sliou 
tubular sections in thin film construction, the tubes being 
formed and stabilized by media pressure and used as spacers 
as well as heat exchange surface* FR,A, 22B9870 and 
US 4 411 310, figure 15 represent such a principle. These 
constructions require intriquate uelding and the use of 
a ueldable film, which may lack other desired qualities 
like high tensile strength. They furthermore pose difficult 
topological problems along the rim of the apparatus in 
connecting the channel systems to inlets and outlets and 

efficient sea lingo 

The invention is in the follouing described more 
in detail in relation to ithe drawings. Figure 1 shoi^-s a 
plan secticjn and figure 2 a longitudinal cross section. 
Figures la and 2a shou in plan and cross section an 
alternative strapping device. In cross sections shou 
figure J a package of tension plates, figure 4 flou chan- 
nels and figure 5 f]n\j channels being cleaned. Figure 6 
shous a detailed plan section of flou ctiaf-nels and figure 7 
illustrates an example of pressure loss, pressure load 
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on membranes arvJ spacing of supporting strips in a flou 
channel . 

In TBferance to figures 1-^ are within a housing 9 
arranged a number of essentially parallel partitions 3, 
farming first cfiannels 4 for a firsts uarmed air flou 1 
anci alternating second channels 5 for a counterflou cJ riven 
second, cooled air flow 2, In the air flou direction the par- 
titions are uell extended and comprise in the air flou di- 
rection stretched plastic film membranes 15* and 3'* of 
higti tensile strength. Each membrane is stretched uith a 
substansial tension force P and the pair'of membranes 3', 3" 
enclose essentially gas tight the first channels 4. 

Tlie membranes J',3" are at ttieir ends pairuise 
laminated to and enclosintj a yas penetrable tension plate 6 
preferably of corrugated cardboard. In referance to fig. 3 
adjacent tension plates are packed to each other and against 
the housing 9, using suitable intermediate sealing 61. 

The tension plates 5 are connected to a first 
inlet 11 and a first outlet 12 for the first, uarmed air 
flow 1. liiey are further by a strapping device 7, secured 
to thn hou-iina 9. each affected by a tension force 2P. 

The second channels 5 are open in the housing 9 
to a second inlet 21 and second outlet V.'Z for the second 
air flow 2 . 

The first channels comprise as spacing elements 
gas penetrable strips 0 of corrugated material, positioned 
at intervalls '»a" along the cliannels at essentially right 
angles to flou direction. The strips alternate with deflated 
segments 31 of the membranes 3', 3", formed by local positive 
pressure differances Ap between the second 5 and first chan- 
nels 4., A positive value forZJp is ensured at all points 
by the coupling of the first outlet 12 to the suction side 
of a fan for propelling first air flow 1 and the coupling 
of the second inlet 21 to the pressure side of a fan for 

the second air flow 2. 

The second channels lack spacing elements and 
has a smooth, unobstructed surface with high corrosive 
resistance and small dust collecting potential. 



wo 91/04451 PCr/SE90/00584 

^\ 

Climate inside the first channels 4 for a uarmed , first 
air flou is dry. The strips 8 may therefore like the 
tension plates 6 be cut out of corrugated cardboard and be 
laminated to one of the membranes 3' or 3". 

As mBmbrane material is preferred a polyester 
film, type "llelinex" from ICl, in a standard thickness of 
75 or 125 for tough conditions. This film is utterly 
stable in dimension, has high tensile strength and high 
chemical stability to moisture and corrosive gases. In 
said thickness heat resistance in the film is negligable. 
It can be laminated to cardboard uith a very strong bond 
using for instance a viny 1 eace ta teacry lat e dispersion. 

By folding a rectangular sheet of polyester film 
and enclosing and laminating a each end a tension plate b 
and along the channel appropriate number of strips 8 
an element "A" or "B" is formed, uhich in the apparatus may 
be added to any desired flou capacity. The elements may to 
a small marginal cost be extended in length for increased 
heat exchange efficiency. Longitudinal open edges of the sheet 
join Dy suction in the elements but may further be sealed 

by a glue bond. 

The elements "A" and "B" alternate in the exchan- 
ger and differ in that strips in either are displaced 
half of mentioned interval "a" inrelation to the strips 8 
in the other element. In this manner, obvius from figures 
1 and 6, the channel 5 aquires a fairly even height and a 
gently uavy extension uith good flou properties. 

In order to preserve flou areas, flou velocities 
and to minimize flou resstance in the channels 4 and 5 
in the flow direction the intervals "a" decrease towards 
the suction end of first channels 4 according to figures 
6 and 7 and the follouing. 

The pressure difference ^p between second and 
first channels will increase from first inlet 11 to first 
outlet 12. The membrane segments 31 form c y 1 indr ic sn r f e s • 
with radius = R from the combination of intervall "a", 
tenr^lnn P and pressure dif ferens A p. Calling depth of 
deflated segments 31 = h, following applies: 

p = R. /Ip 2Rh= a^/4 a^ = BhP /^p 

Sy BSTITOTE SiHlEET 
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Depth "h" should be kept constant. It follous: 

A- P = constant 

An exemple, ev/aluated in practice, illustrates according to 
figure 7 a spacing of the strips 8 in accord to this rela- 
tion. The example, sliouing corresponding membrane tension, 
flou resistance, channel dimensions etc. will make the 
invention more clearly understood. Follouing applies: 

membranes 3 ',3" length = 1 8U0 mm 
" uidth = OLID mm 

number of strips 0 =13 
strip height = 13 mm 
height of tension plata 6 = 17 mm 
tension force P = 0,075 kp/cm 
mean height of channel and 5 = 8 mm 
mean air velocities - 3.5 m/s 
depth "h" = 3.0 mm 

flou resistance in channel 4 =-16 mm up = p^ 

ti II 5 = -f-7 mm up = P2 

pressure difference Zip = ^7^'" P-f figure 7 

intervals "a" , calculated, as figure 7 
total tension force on each tension plate = 12 kp 

Further assuming pressure d i f f er enc e /I p remaining 
constant, follouing applies : 
p-h = constant 
Increasing tension P thus reduces depth "h", uill 
increase flou area in channel 4 and correspondingly decrease 
flou area in channel 5. Thus a doubling of tension P uill 
in above related example ctianga flou area ratio from 1:1 
to 1.8:1. Varying the tension P is thus a simple tool to 
optimize the geometry of the flou channels to varying 
proportions of mass flous of first and second air. 

A strapping device 7 may according to figures 
1 and 2 comprise straps 71 anchored to the tension plates 6 
and further anchored to the housing directly at one end 
and indirectly at the other end via an adjustable spring de- 
vice 72. This spring device may comprise a rectangular 
plate 721, to uhich four or eight straps 71 are anchored at 
the corners. The centre of the plate is pulled by a spring 
722. In this manner four or eight tension plates 6 may 
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equally tensioned by one adjustable spring 722. 

An alternate spring device may accorcJin:: to fi- 
gures 2a and la comprise a rubber bag 73, reacting on all 
said plates 721 and a box Ih, anchored to the housing 9. 
Expanded by pneumatic or hydraulic means the rubber bag 
vjill react uith th^ same force on all plates 721 and 
thus stretcli any number of membranes uith equal tension P 
adjustable uith the merii^>^ressure in the rubber bag, 

A mainly horizontal gas flow direction is 
prefered for drainage out of the bottom 92 of condensate 35 
precipitated from the cooled, second air flou 2, 
From a polluted such flou dust uill deposit, specially on 
moist membranes 3', 3". There are cases, uhere dust clogging 
is so severe, for instance in pig stables, that knoun heat 
exchangers are practically worthless. Even a fatty dust 
from a pig stable is however readily cleaned from an 
apparatus according to the invention, as illustrated in 
figure 5o Tlie air flous are cut off and an upper lid 91 
of the housing 9 is removed. Over the package of membranes 
is sprinkled a suitable detergent 3b. Lacking a pressure 
load /Ip, the membranes 3**,3" facing second channels 5 

Mill adhere to each other. liie detergefit uill recidil/ ut^t 
and by capillary action spread over all membrane surface, 
soak the dirt and make it loosen. A foilouing uater rinsing 
will readily remove deposits out of bottom 92 and a drain 93. 

The apparatus has proven to be an exceptional- 
ly good sound absorber. The different, strung segment-. 31 
uitli separate lengths self oscillate at separate tones 
and uill thus constitute an efficient uide-spec trum noise 
absorber. Uith the apparatus connected uith first inlet 11 
and second outlet 22 to the outside of a building and 
uith first outlet12 and second inlet. 21 via air fans to 
the interior, fan noise to the outside, very often a severe 
nuisance, is practically totally eliminatedo 

As appears from the description the invention, using 
simple means such as corrugated cardboard and thin poly- 
ester film, constitutes a useful, versatile tool for heat 
recovery between air, including very polluted and corrosive 
exhaust air. The invention solves by simple means the 
difficult, often neglected topological problems along the 
rim of the apparatus of well sealed, functional connections 
hptnp^n channels and inlets/outlets for the air flows- 
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1. A heat exchanger for ess entail y counter f lay heat 
exchange between tuo air flous, comprising inside 
a houning (9) a number of essentially parallel par- 
titions (3) of flexible m emb r an e s ( 3 *, 3 ") , forming 
first channels (4) for a first, unrmed air flou (l) 
and alternating second channels (5) for a second 
cooled air flou (2), further a first inlet and 

first outlet (12) in said housing for said first 
air flou and a second inlet (2l) and outlet (22) 
for said second air flou characterized 
i n that it comprises said membranes ( 3 , 3 " ) 

made of a high tensil plastic film such as poly- 
ester film, extended and streched in the main air 
flou direction uiith a substansial tension force 
(P), further comprises pairs (3' ,3'*) of said mem- 
branes enclosing essentially gas tight said first 
c flannels (4), further comprises the ends of said 
pair of membranes (3*, 3") enclosing and laminated 
to air penetrable tension plates (6), preferably 
of corrugatijJ cardboard, furtiitir comprist^s a 
strapping device (7) for strapping said tension 
plates (6) to said housing (9) each uith double 
said tension force (2P), furthier comprises saici 
tension plates (6) connected to said first inlet 
(ll) and first outlet (12) and further comprises 
uithin said first channels (4) as spacing elements 
strips (8) of corrugated material, preferably corru- 
gated cardboard, that are positioned essentially 
at right angle to air flou, are laminated to one 
of said pair of membranes (3* ,3") and that alter- 
nate uith deflated segments (31) of said membranes 
(3*, 3'*), formed by local positive pressure diffe- 
rences (^p) betueen said second (2) and first 
air flou ( 1 ) . 

2. A heat exchanger according to claim 1 

characterized irr that it comprises 
said membranes (3' ,3") facing said second 

channels (5) adhering to each other, uhen said 
air flous (.1,2) are shut off. 
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J. A hieat e xc fi r... k] r r nccording Lo clRim 1 -7 c n n r ^ c- 

t e r i z e d i n th-^t it corn prises said strips 
(O) distributed in any said first channel (^0 essen- 
tially in the middle betueen corresponding said 
strips (8) uitfiin surrounding said first channels 

'"t • A heat exchanger according to claims 1-3 

caracterized in that it comprisu;S 
said strips (O) distributed along said first chan- 
nels {a) with intervals (a) chosen in such a rela- 
tion ( a-Vyjp =: constant ) to said pressure difference 
( A p) that depth (h) of said segments (31) is 
Kept constanto 

5o A tieat exchanger according to claims 1-4 

characterized in that it comprises 
said laminated tension plates (6) of each said end 
packed against each other and said housing (9) to- 
gether ui th intermediate seals (6l)o 

6o A heat exchanger according to claims 1 _ 5 

cliaracterized in that said strapping 
device (7) comprises straps (71) anchored to each 
said tension plate (6), said straps further being 
anchored directly to said housing (9) at one end 
and indirectly at opposite end via a spring device 
(72) transmitting to all said tension plates (6) 
each essentially said double tension force (2P). 

"7 V A heat excl^anger according to claims 1-6 

characte. rized in thatsaidspring 
device (72) comprises means to vary said tension 
force (p) and consequently said depth (h) and flou 
area ratio between said channels (4,5).. 

80 A heat exchanger according to claims 1 - 7 

characterized in that said spring 
device {7? ) cnniptisus a pneumatically or hydrau- 
lically expandable rubber bag (73), reacting on a 
fixed housing support (74) and flexible strap 
supports (721. )o 

9o A heat exchanger according to claims 1-8 

characterized in that it comprises 
said first air flou (1) being sucked from said 
first outlet (II) and said second air flou (2) 
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